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, $0,1,$ $\ldots,$ $T$ ( ) $S$ $K_{t}$
. , . ,
,
. , .
. , $L(\leq T+1)$
. $v_{t}$
$v_{\min}\leq v_{t}\leq v_{\max}$
. DCQ (Daily contract Quantity) . ,
,
$V_{\min} \leq\sum_{t=0}^{T}v_{t}\leq V_{\max}$
. ACQ (Annual Contract Quantity) .
, $V_{\min}$ $V_{\max}$ :
$V_{\min}=a\cdot v_{\min}+(L-a)v_{\max}$ ,
$V_{\max}=b\cdot v_{\min}+(L-b)v_{\max}(a, b\in Z^{+})$ .
, $V_{\min}$ ax $v_{\min}$ $v_{\max}$ $L$
. , ( )
.
1: ,
$v_{\min}$ $v_{\max}$ , $L$ (bang-bang )
.
1 , bang-bang
. , bang-bang .
.
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, , $v_{\min},$ $v_{\max}$
. , $L$ , $1$ ) $v_{\max}$
$L_{b}$ , $2$ ) $v_{\min}$ $L_{s}$ , $3$ ) $v_{\min)}v_{\max}$
$L_{d}$ , 3 . 3
, 1 .
, $L=T+1$ , $v_{\min}$







$V(L_{b}, L_{d}, L_{s}, t)$ $=$ $\max[Y(L_{b}, L_{d}, L_{s}, t),$ $Z^{b}(t)+Y(L_{b}-1, L_{d}, L_{s}, t)$ ,
(1)
$Z^{s}(t)+Y(L_{b},$ $L_{d},$ $L_{s}-1,$ $t)]$ .
, $Y(L_{b}, L_{d}, L_{s}, t)$ , $Z^{b}(t),$ $Z^{s}(t)$ ,
, :






$\Delta^{b}V(l_{b}, l_{d}, l_{s}, t)=V(l_{b}, l_{d}, l_{s}, t)-V(l_{b}-1, l_{d}, l_{s}, t)$ ,
$\triangle^{s}V(l_{b}, l_{d}, l_{s}, t)=V(l_{b}, l_{d}, l_{s}, t)-V(l_{b}, l_{d}, l_{s}-1, t)$ .
(2) ( ) $S$ .
, , . ,
$S$ , . $F(t, S_{t})\equiv E_{t}[e^{-r\triangle t}f(t+1, S_{t+1})]$
:
1. $f$ $S$ , $F$ $S$
2. $(f(t+1, S_{t+1}))\leq 0$ $(f(t+1, S_{t+1}))\neq 0$ (F( , $S_{t})$ ) $>0$
3. $c_{1},$ $c_{2}$ $c_{1}\leq$ $(f($ $+1, S_{t+1}))_{S}’\leq c_{2}$ $c_{1}\leq$ $($ F( , $S_{t}))_{S}’\leq c_{2}$ ,
$(f(t+1, S_{t+1}))_{S}’\neq c_{1},$ $c_{2}$ $c_{1}<$ $($ F( , $S_{t}))_{S}’<c_{2}$
4. $(f($ $, S_{t}))_{S}’=(F($ $, S_{t}))_{S}’=c$ , $f($ $, S_{t})$ F$($ $, S_{t})$
, $(\cdot)_{S}’$ $S$ . 4 , ,
.
. , $r>0$ $*$ 4.
1
.
1: 1-3 , 4-7
. , 8,9 . , $S^{*b}(l_{b}, l_{d}, l_{s},$ $)$
, $S^{*s}(l_{b},$ $l_{d},$ $l_{s}$ , , $S^{*bs}(l_{b}, l_{d}, l_{s},$ $)$
.
1. $S^{*b}(l_{b}, l_{d}, l_{s},$ $)$
2. $S^{*s}$ $(l_{b}, l_{d}, l_{s},$ $)$
3. $S^{*bs}$ $(l_{b}, l_{d}, l_{s},$ $)$
4. $l_{b}+l_{d}+l_{s}<T-$ $+1$ ,
$S^{*s}(l_{b}, l_{d}, l_{s},$ $)\leq S^{*b}(l_{b}, l_{d}, l_{s},$ $)$
5. , .
$S^{*b}(l_{b}, l_{d}, l_{s},$ $)\leq S^{*b}(l_{b}-1, l_{d}, l_{s},$ $)$ , $S^{*b}(l_{b}, l_{d}, l_{s},$ $)\leq S^{*b}(l_{b}, l_{d}, l_{s}-1,$ $)$
6. , .
$S^{*b}(l_{b}, l_{d}, l_{s},$ $)\leq S^{*b}(l_{b}-1, l_{d}, l_{s}+1,$ $)$
7. ( 5 ) $l_{b}+l_{d}+l_{s}=T-$ $+1$




$S^{*bs}(l_{b}, l_{d}, l_{s},$ $)\leq S^{*b}(l_{b}-1, l_{d}, l_{s},$ $),$ $S^{*bs}(l_{b}, l_{d}, l_{s},$ $)\leq S^{*b}(l_{b}, l_{d}, l_{s}-1,$ $)$
8. , .
$\triangle^{b}V(l_{b}, l_{d}, l_{s},$ $)-\triangle^{b}V(l_{b}, l_{d}, l_{s}-1,$ $)\leq$ 0
9. , .








$(L_{b}, L_{d}, L_{s})$ $Z($ $, \xi)$ $0$
. , $Z$ ( , 1) , $Z($ $, -1)$
:
$V^{*}(L_{b}, L_{d}, L_{s}, 0)= \sup_{\tau,\xi}\sum_{i=1}^{L}E[Z(\tau_{i}, \xi_{i})]$
s.t. $0\leq\tau_{1}<\ldots<\tau_{L}\leq T,$ $\xi_{i}\in\{1, -1\}$ , (3)










2([9]): $M$ ( ) $(M(0)=0)$ :
$V^{*}(0) \leq E[\max_{t=0,\ldots,T}(Z($ $)-M($ $))]$ (4)
, $V^{*}$ ( ) Doob $M^{*}$ ( ) .
, , $V^{*}(0)$ .
42
, , 1
*5. $L$ , $c_{t}$ .
,
:




3([3]): $n\leq T+1$ $n$ , $c_{t}$ $\tau_{1},$ $\ldots,$ $\tau_{n-1}$
$M$ ( ) $(M(0)=0)$ :




$\leq$ $E[$ $\max$ $(Z^{[\tau_{1}}$
‘ $\tau_{n-1}]($ $)-M($ $))]$ .
$t=0,\cdots,T$
, $\tau_{1}^{*},$ . . . ’ $\tau_{n-1}^{*}$ $\triangle^{n-\mathcal{E}_{n-\}(t)}^{\tau}}V^{*}$ ( ) Doob $M^{*}$ ( )
. , $Z^{[\tau_{1},\ldots,\tau_{n-1}]}$ ( $\tau_{1},$ $\ldots,$ $\tau_{n-1}$
$*51$ 1 , Meinshausen and Hambly[8] .
20
, $c_{t}$ $-\infty$ ,
$\mathcal{E}_{n-1}^{\tau}$ ( ) $\tau_{1},$ $\ldots,$ $\tau_{n-1}$ $-1$ .
(5) ,





2 . , 2
, $*$ 6.
, 2 :
$\triangle\triangle V(L_{b}, L_{d}, L_{s}, 0)$ $=$ $V(L_{b}, L_{d}, L_{s}, 0)-V(L_{b}-1, L_{d}, L_{s}, 0)$
(6)
- $V$ $(L_{b}, L_{d}, L_{s}-1,0)+V(L_{b}-1, L_{d}, L_{s}-1,0)$ .
1 2 , 1 1 1 2
. , $V^{*}(L_{b}, L_{d}, L_{s}, 0)$
$V^{*}(L_{b}, L_{d}, L_{s}, 0)=$ $\sum$ $\triangle\triangle V^{*}(l_{b}, l_{d}, l_{s}, 0)$
$(l_{b},l_{d},l_{s})\in \mathcal{L}$
2 . , $\mathcal{L}$ 1 ,
.
2 , :
4: $L_{b}+L_{d}+L_{s}\leq T+1$ $(L_{b}, L_{d}, L_{s})$ 1 1-6 ,
$(\tau^{*}, \xi^{*})$ $(\tau, \xi)$










$V^{*}$ . $(\tau, \xi)$ ,
$Z_{(l_{b},l_{d},l_{s})}^{[\tau,\xi]}$ .
$*6$ , , .
$*7$ 2 , .
21
(7)
, 2 . :
5: $L_{b}+L_{d}+L_{s}\leq T+1$ $(L_{b}, L_{d}, L_{s})$ $M$ ( ) $(M(0)=$
$0)$
$V^{*}(L_{b}, L_{d}, L_{s}, 0)$ $=$
$\sum_{(l_{b},l_{d},l_{s})\in \mathcal{L}}\sup_{0\leq\tau\leq T}E[Z_{(l_{b},l_{d)}l_{s})}^{[\tau,\xi^{*}]}(\tau’)]$
$\leq$ $\sum_{(l_{b},l_{d},l_{s})\in \mathcal{L}}E[\max_{t=0,\ldots,\tau}[Z_{(l_{b},l_{d},l_{s})}^{[\tau^{*},\xi]} ($ $)- M($ $)]]$
(8)
. , $\triangle\Delta^{(l_{b},l_{d},l_{\epsilon})-\epsilon_{(t_{b},t_{d},l_{S})}^{l\tau,\xi^{*}|}(t)}V^{*}$ ( ) Doob $M^{*}$ ( )
. , $\epsilon_{(l_{b},l_{d},l_{s})}^{[\tau,\xi]}$ ( ) $(\tau, \xi)$ $-1$
.







$S_{t}=-3(S_{t}-40)d$ $+05dW_{t},$ $S_{0}=40$ .
, :
$r=0,$ $T=9,$ $\triangle$ $=1/24,$ $K=40$ .
, $(L_{b}, L_{d}, L_{s})=(1,1,1),$ $(2,2,2)$ 2
.
2 . ,
, ( 1, 000, 000 )
. , (8) ,
, ( 100 ).
Bender[3] . 50, 000 .
3 . 3
. , 1 . 2
1% . $(L_{b}, L_{d}, L_{s})=(2,2,2)$
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1 .
$(L_{b}, L_{d}, L_{s})=(1,1,1)$ 02872 02875
(0.0002) (0.0003)
$(L_{b}, L_{d}, L_{s})=(2,2,2)$ 05234 05255
(0.0003) (0.0005)
( . )
(1, 1, 1) ,
, 2 ,
$*$ 8.
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A 4,5
4,5 .
, $(\tau, \xi)$ . 4 , $(\tau, \xi)$
, $(l_{b}, l_{d}, l_{s})\in \mathcal{L}$
, $=T-(l_{b}+l_{d}+l_{s})+1$
$\hat{S}^{b}(l_{b}-1, l_{d}, l_{s}, t)\geq S^{*bs}(l_{b}, l_{d}, l_{s}, t)$ ,
$\hat{S}^{s}(l_{b}, l_{d}, l_{s}-1, t)\leq S^{*bs}(l_{b}, l_{d}, l_{s},$ $)$ ,
$\hat{S}^{b}(l_{b}, l_{d}, l_{s}-1,$ $)\geq\hat{S}^{s}(l_{b}-1, l_{d}, l_{s},$ $)$
. , $\hat{S}$ $(\tau, \xi)$ .
,
$\hat{S}^{b}(l_{b}, l_{d}, l_{s}-1,$ $)\geq S^{*bs}(l_{b}, l_{d}, l_{s},$ $)$ ,




. , 3 , $=7$ $\hat{S}^{b}(1, 1, 0,$ $)$ $\hat{S}^{bs}(1,1,1,$ $)$
. , (9) ,
. (9) ,
, .
, 2 $Z_{(l_{b},l_{d},l_{s})}^{[\tau,\xi]}$ ( ) . $Z_{(l_{b},l_{d},l_{s})}^{[\tau,\xi]}(t)$ , 2
, $(\tau, \xi)$ $t$
, :
$Z_{(l_{b},l_{d},l_{s})}^{[\tau,\xi]}($ $)=D_{(l_{b},l_{d},l_{s})}($ $)+\{\begin{array}{l}\max[Z(t, +1)-Y^{[\tau,\xi]}(\check{l}_{b},\check{l}_{d},\check{l}_{s}-1, \text{ }),Z(\text{ }, -1)-Y^{[\tau,\xi]}(\check{l}_{b}-1,\check{l}_{d},\check{l}_{s}, t)]+Y^{[\tau\xi]})(\check{l}_{b}-1,\check{l}_{d},\check{l}_{s}-1, \text{ })(\hat{\xi}_{(\overline{l}_{b},\overline{l}_{d},\overline{l}_{s}-1,t)}=0 and \hat{\xi}_{(\overline{l}_{b}-1,\overline{l}_{d},\check{l}_{s},t)}=0),0(\hat{\xi}_{(\overline{l}_{b},\overline{l}_{d},\overline{l}_{s}-1,t)}=1 and \hat{\xi_{(l_{b}-1,l_{d},l_{S},t)}\wedge}---=0) or(\hat{\xi}_{(\overline{l}_{b},\overline{l}_{d},\overline{l}_{s}-1,t)}=0 and \xi_{(\overline{l}_{b}-1,\overline{l}_{d},\overline{l}_{s},t)}=-1),-\infty(otherwise).\end{array}$ (10)
, $Y^{[\tau,\xi]}$ $()$ $(\tau,$ $\xi)$ , $\hat{\xi}_{(l_{b},l_{s},l_{d},t)}$ $(\tau,$ $\xi)$
, $(l_{b},$ $l_{s},$ $l_{d})$ 1,
$-1$ , $0$ . y $\check{l}_{b},\check{l}_{d},\check{l}_{s}$
$(\check{l}_{b},\check{l}_{d},\check{l}_{s})=(l_{b},$ $l_{d},$ $l_{s})-\epsilon_{(l_{b},l_{d},l_{s})}^{[\tau,\xi]}(t)$ , $D_{(\iota_{b},\iota_{d},\iota_{s})}$ $($ $)$
. $D_{(l_{b},i_{d},i_{S})}$ ( , 2 ,
2 , :
$D_{(l_{b},l_{d},l_{s})}(t)=D_{(l_{b},l_{d},l_{s})}(t-1)+\{\begin{array}{l}-Z(\text{ }, -1)+Y^{[\tau,\xi]}(\check{l}_{b}-1,\check{l}_{d},\check{l}_{s}-1, \text{ } ) -Y^{[\tau,\xi]}(\check{l}_{b}-1,\check{l}_{d},\check{l}_{s}-2, \text{ } )(\hat{\xi}_{(\overline{l}_{b},\overline{l}_{d},\overline{l}_{s}-1,t)}=-1),-Z(\text{ }, +1)+Y^{[\tau,\xi]}(\check{l}_{b}-1,\check{l}_{d},\check{l}_{s}-1, \text{ } ) -Y^{[\mathcal{T},\xi]}(\check{l}_{b}-2,\check{l}_{d},\check{l}_{s}-1, t)(\hat{\xi}_{(\overline{l}_{b}-1,\overline{l}_{d},\overline{l}_{s},t)}=1),0(otherwise).\end{array}$
(11)
5 $\epsilon_{(l_{b},l_{d},l_{s})}^{[\tau,\xi]}$ $($ $)$ . $\epsilon_{(l_{b},l_{d},l_{s})}^{[\tau,\xi]}(t)$ $-1$
, $(\check{l}_{b},\check{l}_{d},\check{l}_{s})$
$\langle$ , $(\check{l}_{b},\check{l}_{d},\check{l}_{s}-1)$ $(\check{l}_{b}-1,\check{l}_{d},\check{l}_{s})$ .
$\xi_{(\overline{l}_{b},\overline{l}_{d},\check{l}_{s}-1,t)}=1$
$\epsilon_{(l_{b},l_{d},l_{s})}^{[\tau,\xi]}$ $($ $+1)=\epsilon_{(l_{b},l_{d},l_{s})}^{[\tau,\xi]}$ $($ ) $+$ $(1, 0,0)$ , $\xi_{(\overline{l}_{b}-1,\check{l}_{d},\check{l}_{s},t)}=-1$
$\epsilon_{(l_{b},l_{d},l_{s})}^{[\tau,\xi]}$ $($ $+1)=\epsilon_{(l_{b},l_{d},l_{s})}^{[\tau,\xi]}(t)+(O, 0,1)$ .
25
